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"C, 

(a) 3yta-^/77< >y?X (CG) 

(b) i/->-<7)7^-A^ov>T, %#:f)«M$rBS^ 

( c ) WW<nma<r>?Jtlt}ti5±if®&ytt fttchxflzm. 
M<mt&£V~>'** h S'—J'*)? 

&?htzfr£MfeLteWj[iil&Utimft*imi. (BRD 
F) 

( d) •tfyrily^'L/viBRDFffl?:, 
A^CO^tis^— 7nXi/jL -c y7<ritz#>\£XELSfr 

( e ) ^->"<7)7 U— AF^<50^<?)^B±c7)^tCOV^r 

Frnzmm-tzztizx-ix v tj^^ y? 

<rm\z<mw.<n+t- 7iXy 1 -f^ y^Hfrrsc 

[1*^2 ] ^n*^? m^^: 

timt-f&mmiaim&nv-yxXi'x-Tjy?' 
urn. 

i m&m 3 ] jfcH/Tft^? hM^wyr o yy 
m&mmv^ xizsEMit^titz±¥m^mcomwT 

[»*JS4] BRDFtf;w { > h^yx-xno-) 

(Torrance — Sparrow) ^&-r/K 7 * y 
(Phong) ^f^XX/Xby^X (Straus 

Cif*Ja5 ] B RD F*-r;k6HKE^ * U y 9 (Sc 

hi i ck) *T>uv*>i>zbzmib-?2>m&mus. 

[|f*Jl6 ] B RD F«*». Sll^^^ h/K^y 

[ mum 8 ] fefr^ffi^fino^BT 1 ? x+vnmz 
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Wat MISSIS 1 lEf&Wr-? xX^x-X -f Vx'yJ 

a. 

[fW<JS9] avtfx-^tcJ: Dt-7iXyi-f 

(a) 3VtW/77^ y^X (CG) 7n//A 

<7)ffi&<7>mz~>- y^m^mm^^m^taxx/^ 

(b) £y— >C07P— Alc-^vr, ^o^ssrgg^-r 

( c ) mftwmwwAmft&zvmthftiTfoK^vizm 

^ h/K^^o-^vri; y?<r>tzft<rti(E3ft2m&%( 
%?hfzMzmfeLfzJttmRmmttmm®. (brd 

F) tf^IfflL. 

(dJtyT-'Jy/lJtBRDFIS:, iy-^7ly- 

Aft^ftcoir— 7 x x is x — r * ymtiMzjt&tt 
m<VT?X1-*-? y7'b LnmL, 
(e) ^->-<7)7^-Art^f*:^®±^,^COV->T 

m&iM^? bJUz^m^-^v-yyvyy^titzBRD 
Fmz®m-?&zbi l z£iT>jTJi>?-<(j*uyyoy7' 
<7>miizmfc<r>*r—y x x is x — r <* yyz&frS- h z 

imem i o j an^i^? YiurMWfi. m&m . 

b zmib 9 wm? uy? a. 

l l ] ^m*-^'^^ bJV<ottis<oyyTV y 
&&wmw x<,zjmitztifz±*m£mco%M 

m#J%l2) BRDFtf/l'* 5 , hy/X-XKD 
•> (Torrance — Sparrow) t -r/K 7 * 
y (Phong) ^E-f^tj.ttXXh^^X (St rau 
ss) t7 r ^J:»5^I.P*^S^$ni»^i:&!ttSjfc-r 

3 ] BRDF^WHiEya U y ( S 

c h i i c k ) ^ivx'hhz b *w®Lb^hWim%9 

14] BRD F(i*>\ S^yjrSK^ h/UO-v- 
yy-0 y?{,Z%fi\'3Wh1Xfz)i''y7T yT : r-'7')Vb t 

A. 

zffiiz^hcox'h*) . mm&}±%Mmw-y 3.xis 
x-Tjyrwi'-txx'&nZtizzbznwib-r&m 
*JS9ie®<^ro^7A. 
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\,z£*)T7X^foZtlXi5*). «HW3tR«*<W- 
7 X X is X — r -f ^^3&* 2 J^±<^f&7VN*XT'ffi60a®-f 

(a) 3yta-^/77-( -y?X(CG) ^TQ^A 

(b) ^-ycD? b-AKotvf, %f*:0*®?:^A>-r 

u 

( c ) wftnmmvxttft&zvm&TttfotchTSizm. 

^9 b/w-frftwyyo yyntzitxvXMMmmiMt 
fcfttaaje Lt&umBUtt*#mBk (brd 

F) tf/L'S-IfflL, 

( d) y-yyvyfLtzBRDFmz. is-y<r>y\s- 
A^»t-7iXyi-f-( y?<r>t&>\zytwM 

?Wf^^f+-7 77i: LTtElfU 
( e ) y-y^7 P-AF«gc7)^OSB±^^(r->T 
m^fi^9 h)V izfttf/t h U" yy U V^Sft*: B RD 
F ffi£ Sffit" S £ t <fc o T l> T/l^ -< A U ^ \) y? 

i mxm i 8 ] mmxft^ 9 v >vcr>ftmK 
^<o^m^h<mm^^MM^wm^y : Mzm^< z. 

[ft^JS 1 9 ] bAWtiw^-rv y 

yw. jmhmkm xizimitztitzt^momnrnm 

[!t£lS2 0] BRDFtf;^'. Yyyx-XJ^u 
*7 (Torrance — Sparrow) ^E-r/K 7 Or 
y (Phong) ^ftUtiXt/Xhy^X (St r au 
ss) tx/PJ: 9 *4W*6^3#t4£fc 

(lf*3S2 1 ] BRDF^x/ka^JExxU y? ( S 
c h 1 i c k ) tfM'fcl. £ fc Sr^fcfSlt^JS 1 

[ft#JS22] BRDFI*t. ffiKaritrt? h**)? 

yyv yy\,zm\^»ht\fz)V^9r"/yr—y^b l 



#jsi 7tei8^ieii^«c. 

^^^-•v^ix^ra-r-s^x-x-f yybm&ztihz\b 
im^m2 5 ) w®wmwx°h^x. 

(a) 3>ta-^/77-( -y^X (CG) 

cofflft&mtzis-ycomkcri&fficomffiim&jiVis* 

(b) S'-S'O^lx-AtCWC. ^ft^Sffi^BS^-r 

( c ) mfi<^m<nxxft&£vm&3&iH%e>mzm. 

^-j^n^i^^mi^^T^mmzm^^wmj^i 
Y)V<7) J rtM<7y*ryy'") y?cotzth<7>%M&^m.i:i\ 

n-?z>tz#>i,zM<xL Ltz Wimm^ftwm. (brd 

f) *y*n,**sm*h&kb* 

(d) tV7'J V^LTtBRDFfflSr. ^-Vcr>7^-- 
Afl^tt^- 7 x x is x — f -f yjrnfctblizXRMt 
mnTfA+^ yT-b LXim-th^&b » 

( e ) >-£7)7U— ArtW&ffc^SBJb^/iit'O^T 
ffilMSrifiK? hyK^JtB-r^^VTU >-^$tt^BRD 

f ffl^Sffl-T £ £ t J: ~> x y T 4 A !✓ y yy 

£ fc zw&b -r&wmmms.. 

[000 1] 

i-?/77< y^X (CG) COHf-^xX^x-^-f 
[0002] 

[t**c7)St«] zyVzL-fT-yy 4 -v9X (CG) 

xr-M.it. &z^-ycog&mzimznfzm»zmm 
T-x-isaywm. ttssmaDt'T*?- 

£>li. ®m*?m.mfo l £. CAD, 77-f 

[0003] iSJK^rC Gffl^T'(i:. ^OCWf^ T 
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^'J3>- • /77< ;/?X (S i 1 
icon Graphics, Inc. ) 3t<0 : f-£ : 8:"C 
• ^x-^oy V (Alias Wa 
vefront. Inc. ) it ( huy 
K U-t?) CJ:9JO0KS:fVClr*4MAYA (^rfiiS 

MAYA (SliffiM) m&77v 

hy*-MZ. 9tm<7)4 y?y*-x. 7-^70-, 

r^^y^-^T&S. MAYAIi, ^f-7U— A&XXS 

ayxbuj ywmfe. -i xJf^7f< ?x, 
^^h^t-7xX7?7fy/ > 3^9?*^ 

UyvaV. US^' y H/V7 J-tf-f-r r 4 

u y J: */rx.x - 3 y izmm £ it & fi>m.<r>v - 

y^, ^-^Byyy-axi/mymv^ w-i^y-r 
*-rxr < yrzstsisyyvyrmv-ii'Zffi 
th. MAYA^c^i, -eox^urhmiiT'*)i> 

MEL#&£. f^W^ygy, -< ^7i- XtfD 
^KX<F>W>ft&Zil?-t'<X<r>V—M5.^ MEL£ffiWC 

ZZ&lzmE-fh. -eLTMAYASrftfeoy^h^xT 
T0^7At^-r-2.Ct^tET'S>S. MAYA 

mmm) ^mryyvyif-Mm-th^^h'sm 

It. TyVVsL— • t'T— X (And r ew Pier 
ce) > ^h'y-^y(Kelvin Sung)f 
fMAYA'^h^xTl^y/'Jy/: (MA 
YA S o f t wa r e Re n d e r i n g : A T 
echnical Overview) j (Alias 
/Wave f ro ntfij, 1 9 98. 2000)*^# 
hCLt^X't^h. 

[00 04] fflftZtltzCGjtTJ TTafyM-teJ: 
X/, rsHOTj f-^77>f;^WSf-^7r^ 

hvy-yyyyfxvttKs ry—juFfx? (wor 

Id Task) j T-iWe-TS. &<e>VyWs79 

xn±. fflkncpvzmm-r&M.ftMmizZ'ixnh 
ixh%m*®fcth2>m.<7) , ®.±*'<\s-is3yZ'ktj. 

7-^-yay'X^y^X(Pixar Anima 
tion Studios) t(*'j7 * frzXTftm* 
'J — h'/U) AffllL^RENDERMAN (gf&$S) 

v-yfyxhh. 

[0005] 



[»B^'^tJ:5i:-ri.ill)S] L*>U SfcSgOCGS' 

na^iButs. 4 x-\;^-yn<wtfk<r>«i 
w<n%/&<n>y < yris—mz. tv&zixrzmM 
W&t- ®te<7)i$m±.(?>&&lz-y v %t 7 x 

ir><r>%^9 hfvzmm^&zkiziL-ix&^mgfrhcn) 

®mizm~J< tc7) N ^^<f^7f|6]S*f^^MSt (BRD 
F) li, ^y^Uy^a«fcMU-rStiBS-C'J>S^\ 
ftg-f •scrtifitis^ (Ife&ffl) T-£>6. z<r>m&. b 
r d f cox o tcm®m?m.m^ T>v^m\ \h<9— y x 
xxx-f-fy/ii. 'jry^Uby/'jy/iyy' 
> x<nmm zmfhtix § 

[0006] ft^X . y T )V? 

jACGuyyv yy^zti^xmmm^mim^^ 
^.m^^z-th x a =$rc gw-7 ixyi-f -f y 

'JTA-M J±CG\syyvyy\,z&VZ>wm?t 
[0007] 

a-^77< -y^X (CG) (7)t-7xXxx-f'f 

y^a&L 3ytf i -^77^y?x(CG)7'o 
^^A^^igtc^— y<7mfc<v^<r>$kww&&£ 

-MZ^X. mfc<V»ffiZmt>?}Jtii/tl5 fa*5 Wis 

-y<7>mftZM.miiii&jfaZik%.-t&z\k. mtt&m 
mntMK&xvmttittfoz^Mzmmftii&xrfis 

comgijjft^? h>uz^xftKtftmm.z¥cm-htz#) 
\,zmfevtzjttfomMmtim®L (brdf) ^ivz 
mmi-hzt. yyyvyfLtzBRDFmz. y-> 

«7l/-A|*lt7)ft«K7)t-7xXyx-f< y?<r>iz#> 
lZ?mMm<?)T?XJ--r-? yy'kLXsZm-&c\t. v 

<^ hMztt&-t&->ry7V y^LtzBRD Fmt&m 
■T&zblzXixv T)V? 4£.uyyv y?<rmzWf. 
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[00 08] nyV*.-???? 4 y 

?^(CG) Tvrj^CDm&nmizmfeLteBRDF 

yyuyist,zr»,^xy(MMmm&it&-r&. brdf^ 
yyv yyvvwm§k-Kft'<*7 hMzg&Wthtitz 

)\^v9T-/TT—y)VtLX%m^ttmm.^1Xh. VT 

?\±. w&ztitz b r d Fmzmmt&tzthiz^-rttfr 

^mzmW-tZ Z t ffX'% h . BRDF^MWltJ: 
f-v^Ftt^v-x-T ^j/i: 1 £fzim$tW*Xlzt5\,i 

xm-£rf&zti) i X'Z&. zcnxoizLx. wm'Xfc 
>7cr>mtzmmz7-7xi- j ritztt$kmiz'?^x m# 

^WiTorrance-Sparrow, ~7itV: 
Phong, Xh7W : Straus s^rfc* ) tfXB. 

ISiESiX^^OBRDF^T/P {«itfj/a'J : 
Sch 1 i ck) BRDFf?Aft?775' 

C 0 0 0 9 ] itz. *mi<om-coB.miz£tilf. ay 
VjL. — ff^y 4 ~/7X (CG) «f-7iXyi-f 
v^«5rl|3S-f •i.rn^^Ati. ayv*.—??? 
7 4 (CG) 7D/7AOi^Stx- 

& (BRDF) *-r^$-@ffl-ri>C:i:» tvr'Jv/L 
7tBRDFffi£, i^— y07U— AftO^ffctfOI?-— 7x 
x v- x — r -r #>£3fcRSt3W5T- 7 x* -v v y 

±.e>mzr>^xmmijft'<*7 hMzmm-t h^ryyjy 

rLtzBRDFmZ&m-r&ZtlZXiXVTJUfJA. 
U>fV >7<Dfflt,zmftW—7 JLAis X— r y?* 

m?r-tzztZ'&&i><r)X'h&. 

tOO 1 0] it:. *&W<?)f&=C)mmz£1xlX. ay 
\?3.-97y7 4 v7X (CG) «f-7i^yi-f 



y^X (CG) ro^^Acora^^C 
-fZ&fct&Zb^ is-ycr>7\s-Mzr>^X. fe* 

&Kiifo$&£.-t2>zb. %aw<r>mmcr>xmyt$$±ifm 
&yttft*t>xfiz$m*mi5 v> v**.??—? 

~>-y<07U— J^fovMW^mfr^ytRtt 
mzmt&?y7Vy7--?2>uyi;cr>&MlTfa'^7 h>u 

St^^BBSt (BRDF) ^E^^ilffl-r-i.Ci:. ^y 

yvyfLtiBRDFrnz. ^-y<nyv-Kn<mm 
<r)^—7^xi/*—T4yy<F>TzWzytK%i^<r) : T9x 
fA-7 7 7t LXiV&thZt. >-<507W—Artc7) 

•frVT'J V^tTtBRD Fffi?r®ffl-ri.C: 1 i-oT V 

Tiv$ -iJxUyyv ymmzfytkco-*)-— y x x ^ x - 
[ o o i i ] ttz. xftwomwcommzxtiii , ac& 

WMtJ>-5t > r?>-fx-^(C, 3>ta-?^7 
7-f (CG) To^ACO^O^v— VCO^I 

mh^T&ttft&xifi'-y^&z&htt&ittfa 
faK^mzi&wwiti} * b vj*7*—?{zmrs 

xwmmmz^m-htzMzmfe LtzM^mum^- 
?wm. (brdf) * Tivzmm-th^-fbt , -^^'j 

>-^LJtBRDFffiSr. x->£071/-A|*l<7)ftft(7)t 

•7 yri:LTlB'lt1--?»#Si:. ^-^cO^l^-Artofe 
te^mtn^z^xmgJift^-? YMzftfcthV 

y~r v y? l^brd Fffi$- jgffl-r ^, ^tti^t'jr 

[00 12] 

7i^i- -T4 yfjj&cottf&L^ yyv* 
y^-is^y*. x^immt<Wtcr>i?$Kftfttz 

#tti5<fct/^W7^lt^xyUSr#ti'l^>-n; yflz 

t mmizm^mm^imztt h z t Srs»-r 

[00 13] ^^->-'>—yt±>»t^>^^-9--7xX 
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%MmmZitM.-thztt,zj:~>x. uyyoynzx^ 
at%m (wax. w&fc. &t&x&£x/mm%ttft) tz 

y-^xXU—liiMit (Add i son-Wes 1 ey 
Publishing Company) fcbfiSOi' U 
rJV • /77< (Si 1 iconGraphic 

s, Inc. ) ttWS r^GL7D/7S>-/^ 
H (Open GL programming Gui 
de) j <0§I6* r^-f f., (c*»3*vCV*4. 
[0014] tfcfcOC GSffif(i, ^(O^ffili, (SR 

[0015] m.mmcostmi. M-jfmmm^mwi 
(brdf) &XX/BRDF ?j t- < yy&mcomi&z 
m^xh&mmmmitx'*&. BRDF«tx(±. mm 

fto&JIfcg^vvc^T/MkSftS. ^ot, BRDF 
S. BRDFB«fcOVVCfi$*L&3fcRJt*MWi. 7>ffi 

«3tRit^r^^ifi(H-r-i.^Basc&ff«-r4- biz 

y-th Z b tiotfS; b *> . 

[00 16] ?>y?-l — (Cook-Torr 
anceK I — 5yx-X-''!n i ) (Torrance 
-Sparrow) . ?*y (Phong) » *J* — Y 

(Wa rd), Xh^^X (Strauss) tJiVffi 

£i&m^tt*zT)\s-imft.zixx^h. HRtc. n 

<i, H&&%7 r H'd { 4iJB'?%&. 0Ulf, Wardtf 



£<<^&&^0«®£ovvCffitf#£ft7t:BRD 

V(Chris WynnlfrBRDF^-X?^ 
^/AHflntroduction to B RD 
F— Based Lighting) j (Nvidia 
Corporat i onffifig, 2 0 0 0 ) bf&Thffi 

xtzwRZtix^z. 

[0017] BRDF *T/Wi. %rW&&cr>$mfrh<F> 

TJ^^j^cG\yyrvyyi,z}i^xiK<mm^tix^ 
x^t o mmznnmxMtifr t>x-ht. 

[0018] *^BJT'<i. I^UBRD FVmtfi* C 
^<0^4> fc#RSWS^ Aft V y 7" 

m-htzthizmmzti. orn-fj^isyyvyrizti 

b Lximztih. vy*vyy*. w*<r>3m\t. * 
nmmn&zm^&nm^hTm.-})^? hwmfez 

fXtz^MMmm^m.-f^Zbiz^^X^^-^ < V? 
ZtiZ. Z<7)J:?IZLX. *B*^c7)7tR*f^OBRD 

cr>mz B R D Ftf^Stffltl> 3 yti-^^^ 
t-7x^yx-f^/CiAai 

ntw^iftca-r-s. x^Mb^^fz^^x^itmm 
<r>~s3.-ir * y^tzitrnz^m-hh. *&mzftitz 

tf-7x^yx-f'f y/V)BRDFf^^ff77 
rcOJCffl^CT^OV^TUlTCIKBB-rS. BRDFf?^ 

[ooi9]ii(i, c Gm^5Acr)^^ic7fcs: 

It^x^X^-^v-yTSr^-rS^WCffiffl^ni. BR 
DFtx^^0!K-ri». BRDFtf/KJ, h/l' 

V(^J:oT*3S$ixl>Waj7t*(Sj. APtzmfZimn 
^■rbiVBlzmLX^rt&ZbtfX'^h. ^7bMi. 

yyrv y^ttx^hAP<m&m)j^9 hMzm- 
miz&^xjzmztiz,. 
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[0020] •toft(D$m±cr>&&.<7mm% 

<WmbLX3§rZL>1x&. WUtfD#*«i, BRDF 

\izm-z&&nfo^9V)wim\i. isi^tA 

¥-°rSg^:BRDF-9-- 7 x X^E -r Mz3^5\ ^X&h Z. t *>T 

tsivxfSiizmLx) wmtfa^? vivohzmmtc 
mum 

(.mum ftmtt-thx-hho . 

[00 2 1] »*i<0BRDFf;Xf+777 

ft*. BRDFfflc7)fl-*(i. «-ifcftfcO<,vC4&7G (4 
D ) PBiitT'S) 0 .. -efUiRGB^-r-r-f y^ 

TiWiVteliZ 3 i^7C2S^tfO 5 iX7cMS:OV y tr^^T' 
SJ^»-C-£7)2^7CT-^Xf-V-7-yr{i, 5&7CBR 

wm®.£mtt&fcth>i,z&mzti&. 2<^7ty-^^^ 
mi-t&t^mzisii&vMJTfiK? viwftmzmt 

ti. mmcDu^;)s<7)w.nm)-Mmiz+ttzcou>i;iz 
^xmmi%'ftjgmftx*vy7v>'-7'iitiz>. mmu 

3 IZM^-? 6 J: d ICES [ - 1 , 1 ] Kfc WCiBIrt:§ 
[00 2 2] BRDFRgt/N'^-? <*#$£5j:t#S 
^■^^ h;PNCOV^T#J±J$ilS. BRDFUOHil 

$imm®L<D®&*:7fr£tfimLxifbti&. h-?yx 

K&tmffl@ctf&.mx-z h . dix^o^ffi^fev^T, br 
d Fffioffisxfig^ji, ^^/whWT-fco. mmmn^ 
w^*tzim'mftmz£^x&wzti%^tiR&? 

ZZbtfX'ZZ. SsaVy? ( Sc h 1 i c k ) tffcf 

h miEZtittmh&m-tz z t wx-z „ W4, «9! 
W£*mus.ft& x ismmKmm.ttnffiwzn ^x #j& 

-fS. dO^J4, ta!*<7)BRDF^x^J:0ff-S^ 
[00 2 3] BRDF^tRSt^-r^X^-^Vy^COV^ 



tltz)V v9T v 7f- LT K1g$<xS . BRDF 
•r^-Xf-A-v-yTU:, m^crmte-Wm. %M<r>U$\iiX 
Vy-ylz&W&m&<n-Kfa\,z^\\X^nZi\h . Vnfo 

commimtfy\/-2*z'tiz^tL%\ l ^t§&. brdf 
mi&^<7)££X'h&. ipsam&nm^. -t 

^T^7l/-^^i:{:oi^BRDFf^^ff7y7 
SrSftS-r-i.^4*o^<^r^. BRDFf^XfA- 
7 7711 CGTo^'5Ac7)^cr)v'->T-^^— 

t LX9m$ti&. VTJisf-fJxi'yyvymmz. 

i/-y<?Mfo<7)mffi±<DfcW&&cr)BRDFmit. * 
<Dy-y<7)ZcD&t l z^xmmZtit:m%-X[in'<7 h/l/ 

iz&^zmmzti. j tcr>y-ycr > mm-hym<r>i'*- 
T<y7mzmiii-?&tz#>izmmzix?>. 14 (a>, 

(B) , (C) t$£V (D) fcrli, h-5xx-*;*n 

^£7)M* { ia^?ixTfc'y, H7 (A) , (B) , (C) 
tiXTf ( D ) iZ&isj. 0 v?*:7MzmrS< 4O(0t'i 

[0024] Vnfccomffili. TJtirSHk v^ofc«<o« 

y*-xt ^->fzl%mzf-7xi-vitZtifzi$kWX'$>-o 
Xi>£\<\ 7-7 X^CQtc^mmX'iZ. 8!*C7)BRDF 

^jvzmm lx . ^®^it^(4 1 vn-x-c-^®±t'v 

•y7-$ixf#^. ^C0BRDF^J:-?-CV yr§il7c# 

5(a) ij«tix ( b ) ta^-rs. ^^^^.f-v-ft 

x. brdft? xt-*-? -vy-cr>immt*5ZUWLwm. 
m&wimztLh. ^BRDFtf^tii tm 
^tM^y^ivvmb^^ti. mkimzmm-tzz 

t tz J: ^TglBjro-bX^yN- H »> x rUff 4C— 

■vfc^Sil, ^SRSt^(4^2W^T-xx— r-f 
y^C#jD$nS. ^OBRDFtCi-o-C-r-yr^il 
tZT-tXT-rit? x— XOyj-f -f y^*OMt4. 

06 (a) (b> (cn^-rs. 

[002 5] BjEis-x-V y^BRDF^x/WT*J4. — * 

2O<0x^Xf-+-7 y7*ffl*ifi^$fL^. aS*^* 

ft£&&-t& 1 OOBRDFf?Xft!tW 1 
ftfflSilS (t-7x«: v-y^U) . /i'j77 
BRDFCJ:-oTV77?^f^XfA'ft7x-X 
co^x— r -r y^iSSiOflKi. @8 (A) t><tt^ ( B ) 
tcH^-TS . mmtfT-7 ^-vikZtiX^hi§&. 
— f^y^iSy^t-Ji^f-rs. SDwutli. AM: 
J4-e^®-r^Xf-A- 5r#^«5*^.S»*<H§9fl^#^ 
V\ ^2<7)>'\-X-Ct£S:®14BRDF-f^X^--r^g^ 
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f-vfk7x— Xtfo^-x— -r-f y^^coMii. 09 

(a) fcit/ (b> 

[00261010 £#S3-r*U£ » liSHC «fc 

<±» ^ 'J tcfBfl^ftrtiru;?'? AC L£#->-CHfr$ 
tihi><r>X'hh. zcoWW&mi. —hcr>-?is->X'% 
ft-fZJ:oizLXi>Z<. Ig<07y-yj*7hv- 
7Xl£&LXtti&>l!!mZl£&J:?lzLXl>£\\ ZcoW 
mmZ$&%th7vy7M&^ CD-ROM, DVD 

%Z<r>&mm\,ztmi**tTi5* , rji-trx-?*::.}:', 

*y 1- >7-? fctfl/Ofioa > tro.-^*^tt^$fi4 
£ i: lz J: 0 j* * 'J (cfgjfl $ -*fc««TS8frr * i^CL 
XhXW 

[00 27] CGro^7A(73R^ra^. >-60% 

/n-y;io 2-c\ ®tkcommjjfa'<? Yivnwi&tf 
y coKXfa lux im£.-%faviztt Lxmszati 

mm±TJi'ti t mwcom&izi&txMmzti&. -/w? 
104X11 BRDFWis:^'^^-^*^ •®>mzm-?& 

*-?izm-3^xmn2ti&. mM-^ix^mw^^- 

?te&lfBRDF*:T>\s£mmLX. 7*Uy? 1 0 5X' 
BRDFm&i'—>cOty#fmco s r7X1- J r~?-y7'b L 

xitn& ttfismzti. /n 7 7io6 izm-m o . m 

)V94 Jxi/>yv yrnmteZW-ois-yT-? b LX 
[00 28] tmkM A^>r'j>-^orac i^-y 

-A, *olWteJ:tf!!8«!JKB*j£*U /D./M07 

izyji-rxoiz, #7i,-A<^y I -f^ yirmmmm 
^x-mmm^R^titz^m^tiXx/^gm't 

S . . y-yf-^tti, Bit S *i*:«fc<7)^ 

m^^x-Rm^tttz^mM^tn, . /n.y?io 

8^-tiiO. fB-ft^^BRDFr-^Xf-^v-yr 

ffl$ixi>. /o-^l 0 9C^-f idtc. f&feOBRD 
F^x/UciO, ^x-x* >^<i2^-CjtfTU & 



BRDFtf/K'tt. /n 7 ; 1 1 0^-TilO. ^x 
~f -r VT'te:. atD^S^^^.f-^^l^^v'x-T 
-O'y'U -e^&x^? MUMUS 

[0029] wfrmtf. *«si«. ww*et^f 
••/7tfCGm&m§izi5^x§tn.i5 xx/§m 
foft'jr^-f A.uyyoyfmgiz&^xm 
mztiz. V7)v?4 j^cGuyyvyyco&BkZtifz 
t-7^yx-f< yftumam-tz. zeytm. 

It tJ^BRDF^f^ISchl ick BR 
D F 1 1, ■> -5 ^SWftRflt^-f/UO 'J -yf-^T 

y**f-r ^^$r y TVl^ -f A u ^ 'J yynzHYih 

x-x-f y?i,zm.mx'%z>£oi,z-?&. brdft^ 

i^x— r-f y^a^Srffiffl-fSUT^'f Al^ry > 

mnmz-rb. 

[0030] xminimcotiicosimzx o^<^>fl6 

t LX ^=Sr $ tl& t c7)T'*> . 

[003 1] J^TCBRDFT-^X^-A-Vy^iit^^ 

■r ? v y tf yflz^xWRth . 
[0032] ^y 3 yi. ^ 
RMtm^fMt. is-yiz&if&tyftcomBJiZ. M-oX 
W&cr»z9 j z)Vi] ; 7-*5-z.z><r)X\ bhvph\syyv 
yy^yisyiztni&mmzmfex'hz. vyt-*-? 

h. &&h<Di,mmtn%:hcr>x'h<o. h&bmmmz 

m^X\M>. BRDFIt mffiWgbcr>7tC0i&5.ftm 

izm$?&immmzi'$*.i'-h-?&ztfrt>. $>< 

couyyv y^y-Jyiza^xum^tix^^m^ 
-xn^ivx'Jhk. \sy?v yy)^ytr-~j\,za,\ l j rh 

^JKSfttfc *»*»*) 4>-f. BRDFIi. &7\s-2xZ:t 
lzm$Lt:itn.-r2>t:*>cr>mm:3*h«Pz_lz, VT/U? 

jA.uyyvyiT'mmz&^xztiizt'mmztixz* 

ZZX\ VT)V?AKvy<5ryy7?.yVy\ l z 

fe v w^-x^Kit^^ fiv (brdf) zmm-t 

[00 33]-fe^y 3 y3tli, BRDFf;^f+4 
mz^WXWRth. ■tti'-iyAX'lt. BRDF<50ff 

•TS. T^d' , ;XAOB*B*Jj;T/-f^^f-T-7-yK , >'y' 
<i-fe^v- 3 >-5. 6T'<iS*-f*. fi^-tr7v-3>-7 

T'ts , m£<v&m& xt?4 yyvx yr— > 3 ycomm 
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fcflfcir*- & . B Ft D F ( M%toB®imftfflm. ) X'S> h . ,1 OSMrc 

[00 343 *?is*>2. W* tt. ^«^Ria-CftS«)^»9>-&^{c{iA7&^^§^|,^ 

TVX (E i ) SrSt£ti-f V=JT^X ( I r ) tm&^V [&1 ] 



[&2] 



Efc = Li(N- L)du, (2) 



-tj a^r (6) e> © 5 •>* V Sl^i.S P T-aB -5 o 
px(P,V,£) aSiiPt*W5BRi)Ffi-Cfe4 c 

vy«:a®i4«l -cafes h;i/)o 

[0035] 2. 1 BRDFA'5^-^« fiyf •(f^gl^itl.. (Hl#BS) 

H)f-5-c7)*®^tcfc-(tl> BRD Ftf»(C(±l,%<o*>0^f5I [&4 ] 







0,= 








<h = 


(tjT), 


4>h = 




/? = 









[0036] fctmiz b r d f commxa 2 mmvmm 

*J-y~X'h&. BRDFH-gli*<7)f£, fOa-X 

s ) lZti^Xfi£>tl& . 7>h'xyh«^i:Lt 

[0037] -t?i/B>3. BRDFfWt 
BRDFIi, #j£fttCOWC 4 D (4&7C) 58^'^^ 
Of. tE-»T*iUi, RGB^t^UT)^, 3<fc7C^fg 

T, 6> i , 6>r. ^r^RGB^fflW&B 
RDFi&ttSBRDF ( fc*> 
tC2»:7C7 i ^A^^V-yTS:ffifflL^^. 2&7CBRD 



F f 7 -v K7 9 -te t:(i 2 W ^ - ? 

(U, V) tf£mx-bh. 

[0038] BRDFf^^f+iiiW (83£<7>;fr[6] 

imTiz£~>x%.mztiz> (02#B3) . 

[S5] 

N = < K e [-1, i] with x a + y 2 + z* = l 
I zs[o,i] 

[0039] ( X, Y) e { — 1 , 1 ) X { - 

N, T, B, <9i, <9 r , i . r , <£h. H, or, 
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am&th. mwm. ?%b*>. mmm. 

V, L. N, T, H. BO^? hMZfflLZ. ^7 h)V 
N, T. H. Btm-hth tlC, H(0St»(CWLT. 



[0040] -b?i>-a^4. 



n = \ ref-i,i] 



4. 1 WMtfft) OftJJ 

as&^wpN (x. y, z) ^trr?. . 
[-1, i ] iza^xxtiXi/Y^y-yoy^L. z 

Six*. 
[&6] 



A- 2 -V2 stnce X 2 h y 2 + Z 2 = 1 



t o o 4 1 ] t lx*5 &r/Ytfm&.ncr>?uzhfx.tf , z 

[&7] 

l„ =-X* + Y* 

«'/ On>l) then l n = VQ 

X =X/l n 

y =Y/i n 

[0042] Zli. *<7>h%. tfLOXtJiyYCOfitt^ 
[&8] 

N = (jc,y,v/i-A-*-^). 

[ 0 0 4 3 ] 4 . 2 ctt/ftiSfK? h;K0H-g 




(X, Y, Z) tfH-z_h1Xtzt 

h/n^r xz (-z, o, x) WPWC 

[0044] 
[&9] 




is orthogonal to N. 



&&^9h>vT\tmk'<*7h)vmzW3cX'h&. ztm 

[004 5] 

mi o] 



(5) 



(^fhfrT, ^bfV-B, ^?WUN) M3&jtQffl 



NtTtnraxmnizx- 
mi i] 



>xa»zti&. 



H AT 



B 



(6) 



[0046] 4. 3 BRDFOftiJitfX.? 

WH-fcitAacoV^. 6> i . <9r. i , * 
a, B^nX'^h. BRDFVN'^-^i Wl' 



t. <?wi^b. ^ hjuio ommzts^xfmzti 
h. 

[0047] 
[&1 2] 
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H = 



L + V 



a 



In basis [T,B,N) 



cos^{V-H) 



sin $i cos <j>i 
sin &i sin 
COS0* 

sin a cos 0a 
sin a sin <j>^ 
COS Or 



<t>h 



= tan 



cos~ l (L-H) 




(■ L TJIY+ t Viw- ^ 
l|ir B «+Vr B »ll ,/ 



[0048]t?-/ 3 y5. BRDFx^X^A-Oftg 

(±¥«> zmi-f &b rdf Trxi.^omntftim 

[0049] 5. 1 T)V-dVXJ± 



j\±w*i>vjmx'hh (^jaxx/ni ) . (x, 

Y)e{-1, 1)X{-1. 1> «:«SiW*fc*>fc, 

[0050] 
[»1 3] 



For (I, J) 
X = 
r ■= 



3mf 1 



{0, IMSIZE - 1} x {0, 1 M SIZE - 1} 



{ X, Y) e { — 1 , 1 ( X {-1 , 1 } 

( ( 1 n = X2 + Y2> > ( 1-e) ) ln = 

/ln+e;X=X/ln;Y=Y/ln 
Z=^l -X2-Y2J:0Z$rff-»-r^. 
N (^7 WU) = {X, Y, Z) 
sU 5 ) iiitf ( 6 ) t^^? WUTtiJ;^? WUB 

znn-th. mmco^x^ff i . <?r. 01, * r , 

a. y3. #h*fW-^*. (X, Y) OfflOBRD 
FfflSrfta-r^.. 

[0051] h ywr?xi-*~?yTZmft r r 
mL^T7xj-*imiim£jm omit) com 

«TC*4. (X, Y, Z) <0M«2:*&8-?- 

£>. 

[00 5 2] 
[»14] 



V 
V 



= ^ 



3tatb i * fc « t* 5 ^-t^t wfr l v ^<as 

trJM'*i&f i tttfff&r6&i*. BRDFtTjf^xfA-SI 

^$mfoC0i§r&. ■r^-rtO^l^-ArtlCBRDFf-^ 

[0053] -fe?v- 3 >6. BRDFffic7)ff-g: 
BRDFf?XfA-I (tr^-feA^?-) OHiiOftg 
(i. J5t#c0*& ( Y^VX-XJ^U*? : To r r anc 
e — Sparrow, 7t> : Phong, X\*y*7 
X : Straus s3£*) cOK^tl^m^X'no Z. t 

ZtihCO-f^TCO^mzti^X . BRDF^fOi- 
fc. 

[0054] 
[&1 5] 
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k 4 + k, = l 



i/ j. V ( S c h 1 icklli, *&g£J5tTx -r 7 



fcit/T-f 7jt-X ( 2x^.^7 h/H£#iJ<ky2;frftj£ 

[0055) WTO^{±, yi'J y ?cr>T?=~t])\sU 
tf—b (Christophe Schlick; Technical Report, LaBR 
I, 1998) *^l££ii$ft.f>. BRDFjfcft 



Spectral : S x (u) = Cy + (1 + C x )(l 

iJtrecttonaf : £>(<,»,i,to) - | +6B(t,«, J,w) + with o^+c=l 

Surface types 

Single : Pa(*,<«,v,/,uj) = Jj(»)I>(«,t.-,I,tii) 

Double : p x {t,u,u,Lw) = Sx(u)D(t,v,l,u,) + (1 - S»(u))5iC«W(*.».'.wJ 



(8) 



(») 



< = 

J>7V* >y— Is a yX'tt . -y 9 ^ 9 —f] )V 

UX-bT-mXZixKBRDFJ*?*-? r , pfci 

yu^jim (c/i d<u) ASr^ffl-r^,*^*^^ 

^SfcftteftjDfft&^UX^/V ( f r e s n e 1 ) ys' 
[00 56] 

mi 7] 

6 = 4r(T - r) 

a = (r < 0.5)?0 : 1 - b 

c = (r < 0.5)?((/re.«!nc2?l - 6 : 0) : 0 

[0057] 
[&18] 



(7 
A 



i = 0039; 



[0 0 5 8] -fe^a V7. J5SJHi:4 yr^Vf-y 
(dancer) i/y/yyy'iy-; 

^^Xdr^^x-^BRDFx^Xf-^V-yTSi 

[0059] 7. 1 x<f 7j.-Xfcj;lfX^a7- 
(t£3fWBRDF) 

BRDF!:tfflt5yx-f^y'li. ^(Ci-oTS 
[*l 9] 



Irx = p a /aA + ■ £)du(k d p d + k t fi, x ) 



(10) 



f?^ft>( ;><— i^'fefltfO-r 4 7a-X*7- i: LT [006 0] 

teffl£*ll>*§1^ f^XftJ-ffoi/x-f-f [&20] 

JrA = k a p a Od\ V Iix[N ■ L)du>(k d p d O d x + (H) 
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SrSixS. ZtumWti&$t, k d = (kd/*) do* 
m-z. 6 Z b IzJi i tVN- H x TBtBjrn-t XKffl* 
AitS £ i: #T'§ & . -?-<OJf fO .x-XBSBJL I 
i (^7 WUN/^v? Wl-L) da ( kd/* ) OdJig 

[00 6 1 ] m2C0'Wt, ^a7-^xx- 
T-f >^(CftiD"^"S <1 1 (C J; -ot^^ J.7-BRDF 

■r^x^Sr^lo>'^^mty^>K-r-g>. (06 
(A) . (B) #ffi[) 

[00 6 217.2 X^? h;PfeJ:^j6l (ya'J y 

;brdf) 

m l ^miz x o b r d f -r 9 x f-v £ jE5it®ffl-r h 

ai^xx-fibix*,. 

[0063] 3oWU(i. V.T<7)£ o tot#>4>ixl> . 
MffiWSX<,zi5\ ^X s fett^BJ^tffc-rSliB-r:? 
W*-^refiS**l.&. HB«»»f*S*u BRDF 

[00 64]g2WUIt 7-7X^-*Zmi&Ztt,Z 
iotf< 7j2.-X(geBRDF7"^^.^-vSrg^c7)y\- 

6 HmhZi^XX^^y- 

-r*. 3m\&yx>m&t Lxx-zztiz (09 (a) 

fcilX (B) #gg) . 

[00 6 6] X+-Y£tiBZ.%^$kWlZisx— f ■< y 

tgf.<7yt'iyh) zm-s-tz lOCOBRDFf-^ 
^^rtfttjWWBSiti. (08 (A) iiXV (B) # 



[0067] Hr7>-3>-8. 
B R D F «Srlttt-ffctJ i tfEttfi fc*>fcf 
•y7*£teffl-f£8£2:gjgL*:. ifejfcS.ft^BRDFf 

-BcjSSl^ixffS. BRDFT-^X^-A-iO^XJi, B 
RD F SrPFflf S^tS^^flSftff^SrS^-f 
£ . *%PR<r>^m\i . / v- K »7 x TT'teJB^l&kx ? * 
f-V U ^^HtgfcJBOT B RD Fjffgt*®^^^^^ 

*-i;b z b iz&mzm-rz . 

[0068] 
[HfficOfSJjiSrfBHJ] 

[013 J3f#Oam£tCfc{t£BRDF>K5;<-?5ggS 
c?>mX'fo&. 

[02] ^^Xf-A-V /rw&H^Tffi]^^ WK9:JHj£ 

[03] m^rtmmvj x«i*<oBRDFf?^f+ 

[04] (A),(B),(C).(D) {±-?-il-fil40 
tM-rsts^^B RD Ftnft £0«jH 
-t-g>0T'£>6,, 

[05] (A) , (B) Itttl&iy x-XtTA^to 

m&coBRDFr-? x^-a-v yy-eimmzMTii-t&mx' 

£>•§> . 

[06] (A) , (B) teZtl?tlT7Xl-A'ityx- 

x^iv^<r)^m<r> BRDFf^xftvy ycomm $■ 

0T*S. 

[07] (A).(B). (C) , (D) <4**Vf*t40 
^fl&Stg^M^&Wfci^JlSrS ( S c h 1 i c 
k) BRDFf^Xf-v7775:^tl,lltfc| 1 . 

[08 3 (A) , (B) izztiZ'tiy x-x^x/i^eo 

MSxa^y? (Sch 1 i ck) WBRDFf^A 

V -/ X^fflJrM^-r S0T'J> £ . 
[09] (A) , (B) ti^n-fiiT-^Xf-v-ft^x- 
f^Wl^ & B R D F r ? * f- A* "7 y 7*0®ffl £ 

[010] f-?Xf-*ft§;h*:?fSffr^BRDF-r?*?- 
■V V y 7*£r Stffl $ -frfc y o -^--\> - h X'h h . 



[02] 
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[04] 
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[05] 



(A) 



(B) 



m : ■ 



tH6] 

(A) (:3) 
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[07] 



o 



00 





■ ; > > < v-i; : , > . : •' 




O 
CO 

IK 

Q 

m 



4^3 
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[08 ] 

(A) (B) 




[H9] 



(A) 



(B) 




: 7 -' ' I! 
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[010] 



CGHiS l o l 



1 0 2 



1 0 3 



V 



10 4 



1 O 5 



B U D Fl&f^ 



10 6 



^^^^^ 



1/ 
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o 
o 



1 o 7 





Pitt, - 
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